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Abstract
Deposition of suspended dust near eroding source fields can have detrimental effects on
vegetation, as well as on soil and water quality. This study was undertaken to quantify dust
deposition within 200 m of a source field during wind erosion events. Erosion was measured
with BSNE samplers on a small field of Amarillo fine sandy loam at field at Big Spring, TX.
Suspension-sized dust discharge averaged 33 ±±±±± 5 per cent of the total sediment discharge and
ranged from 18·0 to 147·4 kg m−−−−−1 during eight selected storm events. Within 200 m of the
source field boundary, dust collected in deposition samplers placed above a vegetated surface
averaged 34 per cent of initial dust discharge. Predicted deposition, according to a line
source model, was 43 per cent. Actual deposition was likely near that predicted, because of
lateral diffusion of the dust and some under-sampling by the disk samplers. Thus, the line
source model seems useful in estimating both the pattern and quantity of deposition. About
30 per cent of the suspended dust was deposited within the initial 50 m of vegetated surface,
but only about 12–15 per cent was deposited in the initial 10 m. Published in 2006 by John
Wiley & Sons, Ltd.
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Offsite costs generally far exceed onsite costs from wind erosion (Huszar, 1989; Pimentel et al., 1995; Piper and
Huszar, 1989). Hence, it is becoming increasingly important to design onsite wind erosion controls to limit detrimental
offsite impacts. In general, there are three major offsite damage zones. These include the near-field (<200 m) and
far-field (>200 m) zones where deposition of suspended dust occurs, as well as stable areas where aggregates moving
by saltation and creep (hopping and rolling aggregates) are trapped near erodible field boundaries. The proportion of
soil moving as suspension or saltation/creep varies widely with soil texture, field scale and surface conditions. Thus,
emerging wind erosion models, such as the Wind Erosion Prediction System (WEPS) (Wagner, 1996; Hagen, 2001,
2004), that predict the separate components of suspension and saltation/creep of soil crossing each boundary of an
eroding field allow for greatly improved analyses of potential offsite impacts from a given field.

Offsite concentrations of far-field dust have been reported (Claiborn et al., 2000; Draxler et al., 2001), along with
the deposition rates (Reheis, 2003; Reheis and Kihl, 1995; Li et al., 2004). Studies on loess thickness also provide
long-term data on far-field dust deposition (Frazee et al., 1970; Mason, 2001). More information is needed, however,
to quantify dynamics of the near-field dust, because it contributes relatively large amounts of deposition per unit of
downwind area. Dust contaminants may damage vegetation (Reheis, 1997), as well as degrading water and soil quality
upon deposition. It also severely reduces both visibility (Wagner and Hagen, 2001) and air quality during transit
(Saxton et al., 2000).

Near-source deposition of fine dust also creates another problem. This deposition depletes the dust available
for long-range transport (Etyemezian et al., 2004) and, thus, causes large differences between measured downwind
ambient concentrations and regional model results that rely on source emission estimates (Watson and Chow,
2000). Improved factors to estimate near-source capture efficiency (CF) of particulate matter of less than 10 µm
aerodynamic diameter (PM10) from various dust sources such as unpaved roads and agricultural tilling have recently
been proposed for use in the United States (Pace, 2005). The CFs range from 0 to 10 per cent for barren lands,
from 10 to 40 per cent for grass and shrub cover and from 80 to 100 per cent for forest. The CF values of fugitive
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PM10 generated during wind erosion are believed to be less than those cited and hence are not recommended for use
with wind-generated PM10 (Pace, 2005). Data are currently lacking to quantify the near-source CF for wind erosion
events.

The objectives of this study were to determine for the near-field (0–200 m) zone (a) fraction of suspended dust
deposited, (b) size distribution of the deposited dust and (c) utility of a line-source theoretical diffusion–deposition
model for prediction of near-field dust deposition.

Methods and Materials

Field layout and instrumentation
An erodible, circular field 182 m in diameter was chiseled, planed smooth, and maintained in a bare condition at Big
Spring, TX. The field was instrumented with clusters of BSNE sediment samplers (Fryrear, 1986) and meteorological
sensors including saltation impact sensors (Sensits) (Figure 1). The BSNE clusters consisted of passive sediment
samplers located at 0·05, 0·10, 0·20, 0·5 and 1·0 m above the soil surface (Figure 2). These samplers trapped the
horizontal soil flux. Wind direction was measured at the center of the field with a wind vane at 2 m height, and cup
anemometers at 0·5 and 2·0 m heights measured wind speed. The soil is classified as an Amarillo fine sandy loam, and
the surface layer was 84 per cent sand, 8 per cent silt, 8 per cent clay and 0·3 per cent organic matter.

In the first year of the study, 2002, the deposition area surrounding the source field was sown to a low population of
barley (Hordeum vulgare L.), which increased in height from 0·35 ± 0·05 to 0·5 ± 0·05 m during the storm events. In
the second year, 2003, it was sown to a low population of triticale (Trifcosecale rimpaui Wittm.), which increased in
height from 0·25 ± 0·05 to 0·5 ± 0·15 m during the storm events. The vegetation did not provide a closed canopy
during the storm events.

Twelve dust deposition samplers (Figure 3) were placed along three of the most probable downwind transects
(Figure 1) from the erodible field. Transects were selected based on past observations of local dust storm tracks.
The deposition samplers were constructed from commercial inverted flying disks, 245 mm internal diameter
and 34 mm deep. To retard dust blowout, a porous mat (3 mm openings) covered by a screen (0·3 mm openings)
was placed in the bottom of each disk. The deposition samplers were tested for dust blowout in a laboratory wind
tunnel (Figure 4). The test dust had a size range of 2–100 µm diameter. The overall sampling efficiency of the
deposition samplers under field conditions is unknown, but prior wind tunnel tests show that it generally decreases
with wind speed but increases with turbulence level (Hall and Upton, 1988). Hence, the deposition samplers were
mounted in the low-wind-speed, high-turbulence region slightly above the vegetation and were moved up as the
vegetation height increased.

Figure 1. Schematic diagram of eroding, circular source field (91 m radius) with BSNE sampler locations and surrounding
deposition area (200 m) with flying-disk deposition sampler locations.
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Figure 2. One of 13 clusters of BSNE sediment samplers installed on eroding source field.

Figure 4. Wind tunnel blowout tests of flying-disk deposition samplers, showing less than 5 per cent sediment blowout over the
range of test wind speeds.

Figure 3. One of 12 flying-disk sediment samplers that were mounted in a framework used to adjust sampler height as vegetation
height increased. This figure is available in colour online at www.interscience.wiley.com/journal/espl



284 L. J. Hapen et al.

Published in 2006 by John Wiley & Sons, Ltd. Earth Surf. Process. Landforms 32, 281–289 (2007)
DOI: 10.1002/esp

Figure 5. Typical storm event (17 March 2003) illustrating counts of saltating aggregate impacts on Sensit as a function of wind
speed.

Data analysis procedures
Eight dust storms during 2002 and 2003 that had wind directions within ±17° of a sampler transect were selected for
analysis. The eroding field surface was relatively smooth and the wind speed profiles were used to estimate aero-
dynamic roughness (Z0) that ranged from 0·3 to 0·6 mm. The Z0 values were then used in the log-law wind speed
profile to estimate wind speeds at the 10 m height that is typically used for reporting surface wind speeds. To classify
the storms for the diffusion model, a representative wind speed for each storm event was determined by weighting
one-minute average wind speeds by the corresponding Sensit counts. The weighting method assumes that the dust flux
increases in proportion to saltation flux (Saxton et al., 2000). The representative wind speeds ranged from 9·7 to
12·8 m s−1 with an average of 11·6 m s−1. The Sensit counts for a typical storm event show that the threshold wind
speed needed to initiate erosion was between 9·5 and 10·0 m s−1 (Figure 5).

After each storm, dry weights of soil samples in the BSNE samplers were recorded, and the horizontal sediment
passage at each BSNE cluster was determined by fitting empirical equations (Fryrear et al., 1991) to the sediment flux
and then integrating from the surface to a height of 2 m to determine sediment discharge passing each cluster. In this
study, TableCurve software (SPSS, 2000) was applied using the least-squares criterion to determine coefficients for
fitting equations to data. Mathcad software (Mathsoft, 2003) was used to perform numerical integrations of various
equations.

To determine sediment discharge from the field, a power equation was fitted to individual cluster discharge data

Qt = axb (1)

where Qt is total discharge (kg m−1), x is downwind distance (m) from the upwind field boundary and the fitting
coefficients are a and b.

The fraction of suspension-size dust in the BSNE discharge was also determined. We assumed that aggregates less
than 100 µm in diameter were suspended and estimated their proportions in the horizontal flux as 1·0, 0·91 and 0·40 at
heights of 1·0, 0·5 and 0·22 m, respectively. These estimates were based on size distributions obtained from micromesh
sieving of sediment collected in the BSNE samplers during several prior storms on the same field. By using the
preceding heights, vertical profiles of catch in several of the downwind clusters were fitted to an empirical power
equation and then integrated from the surface to 2 m as
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where Qs is horizontal suspended dust discharge (kg m−1), Z is height above the surface (m) and c and d are fitting
coefficients. Because of the high near-surface turbulence levels, the horizontal dust discharge was assumed constant in
the 0·0 – 0·05 m layer.

After each storm, the sediment in the flying-disk deposition samplers was collected, dried, sieved with micromesh
sieves and weighed. An exponential equation was fitted to the deposited soil catch as

P = f exp(gx + hx2) (3)
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where P is deposition (kg m−2), x is downwind distance from the eroding field boundary and f, g and h are fitting
coefficients. The preceding equation was integrated from 0 to 200 m to determine the cumulative near-field sediment
deposition (kg) along given transects of samplers.

For comparison of the measured deposition data with theoretical predictions, we used a line-source diffusion–
deposition model (Huang, 1999). This model was selected because it is derived from the fundamental equations
governing the particle diffusion processes where mass is conserved. For particle concentration near the surface, the
model solution has the form
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D = XVS (5)

where the sediment concentration, X (kg m−3), multiplied by sediment fall velocity, VS (m s−1), is equal to the deposi-
tion rate per unit area, D (kg m−2 s−1), for a mass emission rate from the source Q (kg m−1 s−1) at the downwind
distance x (m). The line source is located at the downwind boundary of the source field with wind speed uh at height
h (m) above the surface, and Γ is the gamma function. The eddy diffusivity Kh (m

2 s−1) is estimated as

Kh = ku*h (6)

and the parameter
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where k is the von Karman constant (about 0·4), p is the exponent for the power-law wind speed profile (for this case
about 0·23) and u* (m s−1) is friction velocity over the deposition region. The fall velocity in air, VS (m s−1), for sediment
aggregates of size S (µm), was estimated from data given by Royco Instruments (1974) using the empirical equation

VS = exp(− 9·261 + 1·850 ln(S))(ρ/2·0) (8)

where ρ (Mg m−3) is aggregate density.

Results and Discussion

Suspension-sized dust discharge leaving the downwind edge of the eroding field averaged 33 ± 5 per cent of the total
sediment discharge trapped by the BSNE samplers. The correlation between fraction of suspension-sized dust in individual
storms and total storm discharge was low (R2 = 0·2). Suspension-sized discharge ranged from 18·0 to 147·4 kg m−1

during the eight storm events, with an average of 89·6 kg m−1. The field length in this study, up to 180 m, was relatively
short compared with that of typical agricultural fields. However, prior analysis (Hagen et al., 1999) and measurement
(Gillette et al., 1997) of sediment generation by wind have shown that the proportion of suspended dust in the total
discharge over a source area generally increases with increasing distance from a non-erodible upwind boundary.

The mass distribution among size classes of sediment deposited in samplers over the vegetated surface was domi-
nated by aggregates more than 30 µm in diameter (Figure 6). Because of differing fall velocities, the proportion of
coarse sediment greater than 75 µm in diameter in the deposited sediment decreased with distance downwind, whereas
the proportion of fine sediment less than 10 µm increased.

The model equations were implemented using an Excel spreadsheet (Microsoft, 1999). The theoretical deposition
using Equations (4)–(8) provides a steady-state solution from a line source at a given height for specific sediment
sizes. However, the suspended discharge from the field occurs over a limited height with unsteady winds, for a range
of sediment sizes. Preliminary tests using various wind speeds showed relatively small differences in near-field
deposition rates in response to the choice of erosive wind speeds between 10 and 15 m s−1 at a height of 10 m. This
occurred primarily because increasing wind speeds increased both rate of horizontal movement across the surface and
rate of particle diffusion to the surface.
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Figure 6. Variations in aggregate size classes of deposited dust mass with downwind distance.

Table I. Estimated parameters used for theoretical prediction of downwind deposition with source height of 0·35 m

Aggregate class Selected aggregate Aggregate density Settling velocity Wind speed at Aerodynamic
range (µµµµµm) diameter (µµµµµm) (Mg m−−−−−3) (m s−1) 10 m (m s−−−−−1) roughness (m)

<10 7 2·0 0·003 12 0·02
10–30 25 1·8 0·033 12 0·02
30–75 47 1·7 0·100 12 0·02
>75 85 1·6 0·282 12 0·02

Figure 7. Predicted (solid lines) and average measured (open symbols) deposition patterns for various suspended sediment
diameters.

Average parameters (Table I) for the theoretical equations for eight storm events were estimated from both storm
wind data and surface conditions in the deposition area. Theoretical and measured sediment deposition was compared
in two ways. First, the patterns of deposition for various size classes were compared with the theoretical deposition
patterns. The patterns were obtained by dividing both the theoretical and measured deposition by their respective
maxima (Figure 7). Because the height of the line emission source was selected as 0·35 m, the maximum theoretical
deposition occurred at about 3 m downwind. Overall, the mean measured deposition and the theoretical deposition
patterns were in good agreement, with a coefficient of determination (R2) of 0·98. This result suggests that the
estimated parameters for the theoretical equations are valid.

In the second comparison, the mean and standard deviation of the cumulative fraction of measured deposition were
determined, along with the cumulative theoretical deposition (Figure 8). For the theoretical computation we assumed
a log-normal distribution of the suspended discharge with 12, 26, 37 and 25 per cent in the <10, 10–30, 30–75 and
>75 µm size classes, respectively. Within 200 m of the eroding field, the deposition fraction of total suspended
discharge averaged 34 per cent for measured deposition and 43 per cent for the theoretical deposition. The consistent
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Figure 8. Measured (mean and standard deviation) and predicted cumulative fractions of deposition of suspended sediment
discharge from an eroding source field.

increase in difference between theoretical and measured deposition in the downwind direction is likely caused by both
lateral diffusion of sediment leaving the source field and some under-sampling of the finest aggregates by the deposi-
tion samplers. As discussed by Goossens (2005), samplers only measure dust accumulation, while models generally
predict deposition.

Most of the near-field dust deposition occurred within 50 m of the eroding field, but significant amounts of dust
deposition would bypass buffer strips 10 m in width. The variance in measured deposition among storms (Figure 8)
was likely caused by variations in atmospheric conditions, as well as by changes in the vegetation composition and
height over the two seasons.

Summary and Conclusions

Deposition of suspended sediments near eroding source fields can have detrimental effects on vegetation, as well as on
soil and water quality. This study was undertaken to determine quantitative estimates of the size distribution, pattern
and magnitude of the near-source sediment deposition during wind erosion events.

Wind erosion during 2002 and 2003 was measured with BSNE samplers on a circular 180 m diameter, fine sandy
loam field at Big Spring, TX. The suspension-sized sediment discharge leaving the downwind edge of the eroding
field averaged 33 ± 5 per cent of the total sediment discharge. At the maximum eroding field length, suspension-sized
discharge averaged 89·6 kg m−1 and ranged from 18·0 to 147·4 kg m−1 during eight selected storm events.

Within 200 m of the source field boundary, deposition of suspended sediment on a nonerodible, vegetated surface
was substantial. Samples collected in flying-disk samplers showed deposition was about 34 per cent of the initial
suspension discharge. Predicted deposition, according to a line source model, was 43 per cent. It is likely that the
actual deposition was close to the predicted value, because of lateral diffusion of the sediment and because of some
under-sampling by the disk samplers. Thus, the line source deposition model seems useful to predict both the pattern
and magnitude of deposition. However, good estimates of both the magnitude and size distribution of the suspended
discharge from the source are needed for accurate results.

Total suspension-sized dust deposition was near the upper range, 0·4, of capture efficiencies of fine dust suggested
for grasslands, but the deposition patterns in this study showed reduced deposition of the fine dust. Hence, our results
support the suggestion of Pace (2005) that capture efficiencies of dust subject to long-range transport will be
decreased for erosive wind speed conditions.

The observed deposition amounts decreased at an exponential rate downwind from the vegetated boundary. This
trend agrees with both theory and the loess depths observed near forest boundaries (Tsoar and Pye, 1987).

About 30 per cent of the suspended sediment was deposited within the initial 50 m of vegetated surface, but only
about 12–15 per cent was deposited in the initial 10 m. Hence, typical 10 m wide grass buffers may not protect critical
downwind areas from significant deposition during wind erosion events. Additional measured data are needed for a
range of soil types, field scales and deposition surfaces to further validate the model for prediction of near-source
deposition.
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